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0^ ; Abstract 



We study the tensor form factors for P ^ P and P —>■ V transitions in the hght- 



H I front quark model with P and V being pseudoscalar and vector mesons, respectively. 

We explore the behaviors of these form factors in the entire physical range of < p^ < 
{Mi — MfY. At the maximum recoil of p^ = 0, we compare our results of the form factors 
in i? ^ TT, K^ p, K* with various other calculations in the literature. 



1 Introduction 



The studies of the heavy to hght exclusive decays in the standard model are very 
interesting topics since they can provide the signal of CP violation and a window into new 
physics. Meanwhile, the calculations of these decay widths with the model-independent 
way are difficult tasks because they are related to the non-perturbative QCD effects. These 
effects correspond to the binding of quarks in hadrons and appear in matrix elements of 
the weak Hamiltonian operators between initial and final hadronic states. However, they 
could be described by form factors from the parametrization of those hadronic matrix 
elements in Lorentz invariant. Phenomenologically, these form factors can be evaluated 
in many different approaches, such as the lattice QCD, the QCD sum rule, the non- 
relativistic quark model and the light-front quark model (LFQM). 

It is well known that when the momentum of the final state meson increases (> IGeV), 
we have to consider the relativistic effect seriously, especially, at the maximum recoil of 
p^ = where the final meson could be highly relativistic, and there is no reason to 
expect that the non-relativistic quark model is still applicable. While the lattice QCD is 
still not practically useful for a calculation in hadron physics, the LFQM |]1], |^, || is the 
only relativistic quark model in which quark spins and the center-of-mass motion can be 
carried out in a consistent and fully relativistic treatment. The light-front wave function 
is manifestly boost invariant as it is expressed in terms of the longitudinal momentum 
fraction and relative transverse momentum variables. The parameter in the hadronic 
wave function is determined from other information and the meson state of the definite 
spins could be constructed by the Melosh transformation |^. 

The LFQM has been widely applied to study the form factors of weak decays [^ ^ |^, 
|, |, |Tg, [n|. In the most pervious works with the LFQM ^,^, the P ^ P and P -^ V 



(P=pseudoscalar meson, V^=vector meson) tensor form factors were calculated only for 
p"^ < 0. However, physical decays occur in the timelike region < p^ < (Mj — Mj)^ 
with Mj j being the initial and final meson masses, respectively. Hence, to extrapolate the 
form factors to cover the entire range of the momentum transfer, some assumptions are 
needed. For example, in Ref. |12[, a light front ansatz for the p^ dependence was made 



to extrapolate the form factors in the space-like to the time-like regions and in Ref. |T^ 



based on the dispersion formulation, form factors at p^ > were obtained by performing 
an analytic continuation from the space-like p^ region. In Refs. [^ |l^, |l^, for the first 
time the form factors in the P -^ P transition were calculated for the entire range of p^ 



in the LFQM. In this work, we calculate the tensor form factors for both P ^ P and 
P -^ V transitions in the entire range of the momentum transfer < p^ < {Mi — Mj)^. 
These tensor form factors play an important role in estimating the B decay rates such as 
that of S ^ irW/+/- 0. 

This paper is organized as follows. In Sec. 2, we study the tensor form factors of 
P —>■ P and P —>■ V transitions within the framework of the LFQM. In Sec. 3, we present 
our numerical results. We give the conclusions in Sec. 4, . 



2 Tensor Form Factors 



2.1 Framework 

We start with the weak tensor operator, given by: 

0^'^ = g«a'^V(l + 75)Q (1) 

where q is the light anti-quark. Our main task is to evaluate the tensor form factors 
ioT P -^ P and P ^ V transitions. They are defined by the following hadronic matrix 
elements: 

Ft{p'' 



{P2{Pf)\qia^''pMPi{m 

{ViPf,e)\qta'^''p,Q\PiP,)) 

{V{Pf,e)\qta^''p,^,Q\P{Pi)) 



-ze^'^^^elPf^P.pF.ip'), 
{Ml-Ml)e*^-{e*-p){Pf + P,Y 



pM_ 



p 



Ml 



M? 



iPf + P^) 



Fsip' 



(2) 



+e -p 

I IVlp - IVly 

where Pi{f) is the momentum of the initial (final) state meson, e is the meson polarization 
vector and p = Pi — Pf . 

In calculations of the hadronic matrix elements, one usually lets p"*" = which leads 
to a spacelike momentum transfer. However, since the momentum transfer should be 
always timelike in a real decay process, in this work, the tensor form factors in Eq. (0) 
will be calculated in the frame of p_L = 0, namely the physically accessible kinematic 
region < p^ < p^ax- ^^ ^^e LQFM, the meson bound state, which consists of a quark gi 
and an anti-quark ([2 with the total momentum P and spin S, can be written as 

\M{P,S,S,)) = j[dh][dk2]2{2Tif6\P-k^-k2) 
A1A2 



where 

,,,, dk~^(Pk± 

\qi{h,\i)q2{h,X2)) = bl{h,Xi)dl{k2,X2m, 

{by{k'),b{{k)} = {dy{k'),d{{k)} = 2(27r)3 53(A;' - A;) Syx. (4) 

and A;i(2) is the on-mass shell light front momentum of the internal quark qi{q2)- The 
light-front relative momentum variables (x, k_C) are defined by 

k^ = XiP+, k^ = X2P^ ■, a;i + X2 = 1, 

kii_ = XiP± + A;_L, k2± = X2P± - k±, (5) 

In the momentum space, the wave function ^^'^^ can be written as: 

$^^^(fci, k2, Ai, A2) = i?f5,(a;„ fc^) 0(x„ fc^), (6) 

where (^(x, k±) describes the momentum distribution amplitude of the constituents in the 
bound state, -RaiA2 constructs a spin state (S", 5*2) out of light-front helicity eigenstates 
(A1A2) which could be expressed as: 

R\%ixi,k±) = Xl(-^ll'^M(^l'^-L'"^l)kl)(A2|7^if(a;2,-A;_L,m2)|s2)(-Sl-S2|S'S'^), (7) 

where |sj) are the Pauli spinors, and IZu is the Melosh transformation operator: 

mj + XiM^ + ia -k^xn 
T<-m{x, fc±, rrii} = , (8) 

y^K + ^iMoy + kl 
with 

, ^ ml + kl ^ ml + kl ^ 

Xi X2 

and n = (0, 0, 1). Actually, if we set xi = 1 — x and X2 = x, Eq. (|^) can be given by a 
covariant form 0]. 



RfXi^, k±) = ^^^ u{k,, X,)Tv{k2, A2), , (10) 

v2 Mo 



with 



Mo = ^M§-{mi-m2y, 



E u{k, X)u{k, A) = ^ , Y.^{k, X)v{k, A) = ^ , (11) 

A A 



where F stands for 



r 
r 



75 (pseudoscalar, S = 0), 
^■{Pi- P2) 



^(S.) + 



Mq + mi + m2 



and 



e^'(±l] 



-^eKii) ■ Px, 0, rx(±i) 



(vector, 5* = 1), 



£l(±l) = T(l,±^ 



(12) 



The normahzation condition of the meson state is given by 

{MiP\ S\ S'^)\MiP, S, S,)) = 2i2nf P+5%P' - P)5s'sSs'^s. , 
which leads to 



dx(Pk I 



ix,k^)\' 



1. 



(13) 



(14) 



(15) 



2(27r)3 

In principle, the momentum distribution amplitude (j){x, kj_) can be obtained by solving 
the hght-front QCD bound state equation [jl^ |l^. However, before such first-principle 
solutions are available, we would have to be contented with phenomenological amplitudes. 
One example that has been often used in the literature is the Gaussian type wave function: 

k^ 



{x,k^) = NJ-^exp 



2^1/ 



(16) 



where N = 4 



k = {kj_,kz), kz is defined through 

e2 + k. 



. ei-kz 

1 — X = X 

ei + 62 



ei + 62 



6j = ymf + k"^ 



by 



and 



1 \ mi — m 

x - - j Mo + 



2Mn 



dkz 
dx 



6162 



xil -x)M, 



(17) 



;i8) 



(19) 







is the Jacobian of the transformation from {x, k±) to k. In particular, with appropriate 
parameters, this wave function in Eq. (16) describes satisfactorily the pion elastic form 



factor up to p^ ~ 10 GeV^ pi 



2.2 Decay constants 

In order to use the light front bound states in Eq. (^ to calculate the matrix elements in 
Eq. (0), we need to fix the parameter uj in the wave function of Eq. ([T6|). This parameter 
can be determined by the corresponding pseudoscalar and vector mesonic decay constants, 
defined by {Q\A^'\P) = ifpF^" and (0|y^|1/) = fyMvef", respectively. 
From Eq. (|^), one has 

(0|g27+75gi|P) = J[d%][d'p2]2{2nf5%P-pi-p2)M^.k^)Kx,i^,k^) 

X (0|g27^75gi|gi(Pi,Ai)g2(p2,A2)), (20) 

It is straightforward to show that 

V2J 2(27r)3 xM^ + fc^ 



where 

^ = mix + 777,2(1 — x). (22) 

Note that the factor -\/3 in (pi]) arises from the color factor implicitly in the meson wave 
function. 

Similarly, the vector-meson decay constant is found to be 

V^ fdxd'^k_L (j)v{x,k±) 1 [^^^ ^\A4-2 ;2 



fv = 4:—p= / ; — , < x(l — x)Mr, + 77717772 + k 

V2J 2(27r)3 .n^^Mol ^ ^ ° 



B 

+ 



2Wv 



777? + /C^ 777n + A;^ , ,9 

^ ^ ^ ^ - (1 - 2x)Mo^ 






(23) 



where 



B = xrrii - {1 - x)m2, Wy = Mo + nii + 1712. (24) 



If the decay constant is experimentally known, one can determine the parameter u in the 
light-front wave function. 

2.3 Tensor form factor for P ^ P transition 

The hadronic matrix element of the tensor operator for the P ^ P transition could 
be newly parametrized in terms of the initial meson momentum p + q and final meson 
momentum q, that is, 

{P2iqMa^''PuQ\Pi{p + q)) = j^^^^jj^iip + ^qTp' - {M].^ - MJ,Jp% (25) 



where p is the momentum transfer. For Pi = (Qiq) and P2 = {Q2<l)-, the relevant quark 
momentum variables are 

PQi = (1 - a;)(p + g)^, P5 = x{p + g)+, pq^^ = (1 - x)q^ + fc±, p^x = xqi_ - A;±, 
Pq2 = (1 - ^')9^, P?"^ = a;'g+, Pq2^ = (1 - x')q^ + A;l, p^^ = x'q^. - k'^, (26) 

where x {x') is the momentum fraction of the anti-quark in the initial (final) state. At 
the quark loop, this anti-quark is the spectator, thus it requires that 



P'g'"=Pt^ P'g±=Pg±- 



(27) 



To calculate the matrix element in Eq. (^5]) , we take a Lorentz frame where the transverse 
momentum p± = such that p"^ = p'^p~ > covers the entire physical region of the 



momentum transfer 20 



Consider the "good" component of yU = -|-, we have 

X I dX Qi rC 



{P^Wia^'^pMPi) = \[^J 



1 



x'J 2(27r)3 2Mo,^Mo,J{l~x'){l~x) 



xTr 



75(^2 + "^Q2)^^V(^i + mQi)lr>{^q - rrig) 



:28) 



The trace in the above expression can be easily carried out. By using Eqs. (pSj) and (^ 
the form factor Ft is found to be 

Mp, + Mp, f ^^,^2,^ (P*p^{x', k^)(pp,{x, ki_] 



^^^^^ (l + 2r)p2_(M|,^-M|,J 
where x = x'r/{l + r) and 
A = 



dx d k 



Mo,^Mo,^^{l-x'){l-x) 



A (29) 



—— — -\ (xmg, + (1 - x)mg){x'mQ^ + (1 - x')mg) 

xx'{l — a;)(l — x') I 

[x{l — x')mQ^ — x\l — x)'mq\ + k^ x\l — x'){2x — l)mQ^ 
+ {x — x){x + X — 2xx')mq + x{l — x){l — 2'x)mQ^ 

At the maximum recoil of p^ = 0, we have x = x' and get 

1 



(30) 



Ft(0) 



Mp^ - Mp, 
1 



[1 - x)Mo^^Mo^^ 



x^ 



dxd k±(f)*p^{x,kj_)(f)p^{x,k±) 



{xtuq^ + (1 - x)mq){xmQ^ + (1 - x)mq) 



[x(l - x)mQj - x(l - x)mQ^] + fc^x(l - x)(l - 2x){mQ^ - mq^) \ . (31) 



2.4 Tensor form factors for P ^ V transition 



Similarly, the tensor form factors -Fi.2,3 for the P —>■ V transition are defined as: 



{Viq,e)\qia^''p,Q\Pip + q)) = -le'^''''^ elq^p pF^ 



{V{q,t)\qia^y,^,Q\P{p + q)) 



,mp — m,/ e 



2 \ *M 



V) 



+e -p 



pH 



p" 



nir, — mi 



{t*-p){p + 2qY 
-ip + 2qY 



F2 

F3, (32) 



Up — iii'Y 

where q and p + q are the four momenta of the vector and pseudoscalar mesons, and e'^ is 
the meson polarization vector, given by 



£^(±11 



2 gl • gl 
q+ 



, 0, el 



, e'XO) 



Mv 



-M^ + gj 
q+ 



, Q , Q± 



(33) 



respectively. The calculation of the P -^ V form factors is more subtle than that in 



the P ^ P case. Here we use the two-component form of the light-front quark field |21 
For the "good" component oi n = +, the tensor current in Eq. (|T]) can be written as: 



.t.,0 



t.,0/ 



gza+%(l + 75)Q = {qWil + 75)Q- - qWil + l,)Q+}p 



(34) 



where the g+((5+) and q-{Q-) are the light-front up and down components of the quark 
fields, expressed by ^1 



Xq 





(35) 



and 



Q- 



i^(.a^-a^ + /3m,)g+=(^^^^^_^°^ 



respectively. Then, the tensor operator in the Eq. (^) could be written as follow: 

qh%l + -f5)Q- = -I Xj(l - ^3)^(^±- d± +mQ)xQ , 
gL7°(l + 75)Q+ = I [^x5(^±- d± +mg)](l + (T3)XQ , 



(36) 



(37) 



where Xq{Q) is a two-component spinor field and a is the Pauli matrix. 

Let P = (Qiq) and V = (Qag)- By the use of Eqs. (|), (H and (JS^), Eq. (|3|) can be 
reduced to 

{Viq,e)\qta+''p,Q\Pip + q)) 

= -I [[dh]\dk[][dk2]2{2Tif5^{p + q-h-k2) 2{27c)^6%q - k[ - /^s) 



= -i f[dki][dk[][dk2]2{27r)^6\p + q~ki-k2) 2{27rf 6^{q ~ k[ - /ta) 



x^$^^^^(A;i,A;2,Ai,A2)E<''''(^U2,A;,A2) 



X Xyl(^3-r+{or± -ki^ +imQ) + —t{^± ■ k[^ + img)^^^-^^ ■ (3^ 



^-((Tx-A;i^+«mQ) + — 

The form factor Fi is only related to the 1~ intermediate state with the vector daughter 
meson but F2 and F3 mix with 1"^ and 0"*" states. Therefore, we have to calculate the 
matrix elements for l"*" and O"*" states with different vector meson polarizations. For £'^(±1) 
and £^(0), Rf^^2i^^ k±) in $y ^ ^ik[, k2, X'l, X2) can be written respectively as: 



,S5. / , N ^PiP^ , ({l-x)a^-P± + a^-k±-imQ^ 



e_L-Pj_ x(r_i_- P±-a±- k±-img 
-'^^ + "^ ■ ^^ ^P^ 

^^ iyyx(l-t)P+ ^~^'^^ ' ^^ ~ '^"^'^' ^ ^^ ~ X)^2]JX-X2 (39) 



and 



+ ,/ A xil - a;)(ax ■ P±)K ■ P- 



x{l — X) 
+ (cr± • A;±)(cr^ ■ /i;±) - i{mQ^ -mq){a± ■ k^_) + mQ^niq] 

1 m^2 + A;^. "^i + ^^ 

2Wvx{l — x) 1 — X X 

x[i(o-± -ki} +xmQ^ - (1 -x)m5]lx-A2 (40) 



+ ,,,, J, .J ? : - ^^^^^3^ - (1 - 2x)MoV: 



where, 

iyy = Mov^ + mQ,+m,-, M^V = ^_^/ + '^. • (41) 

Since the form factor Pi is only related to £^(—1), we can find the matrix element as 
follow: 

{Viq,e)\qta-'''p,Q\Pip + q)) = F,e'h*q, . (42) 

Using Eqs. (|38|) and (^2]) , we obtain 

Pi = J dx'd^k±Nv(l)vix', kA_)Np(j)p{x, kA_){Ai + A2) , (43) 



where 



iV0(x, fcj 



vr 



/egeq 



ijj 



M , 



^JMI - (mg - m,-)2 V ^0 



exp 



20; » ,1 



Af 



(44) 



^1 



(1 — 2x' + xx')(x' + X — 2x'x)/i;^ 



A, 



xx'^(l — a;')^(l — x)^ 

+ [x'mQ2 + (1 — x')mq][2xx'(l — x)(l — x')mQ^ 

+ (1 — a;)(l — a;')(x + x' — 2xx')mg + x'(l — a;)(a; — x')mQ2] 
+ -y- [2xx'(l - a;)(l - x')mQ^ + 2xx'(l - x){l - x')mQ^] \ 
2{x-x')Qpkl f,2. , 



xx'^'ll — x')^(l — x)"' I 

+ [x(l - x')mQ^ - x'{l - x)mQ^{xmQ^ - x'mg^ + {x' - x)mq\ 

+ {x + x' — 2xx')[x'mQ2 + (1 — x')mq][x7nQ^ + (1 ~ x)7nq\ 



(45) 



and 



e, 



d(f)p{x, fcj 



0p(x, k] 



dki 



At p^ = in which we have x = x', it can be shown from Eq. (|4^) that 



Fi 



(0) = y dxd?k^Nvct)v{x, k^)Np(l)*p{x, fe±) ^2n - xP {(^ ~ ^)^^ 



A;i 



+ [a;mQ2 + (1 - x)mg][xmQ, + (1 - x)mg] + —x{mQ^ + mgj [> . (47) 



(46) 



We note that Eq. (|47| ) is the same as that in Ref. 0]. 

The calculations of the form factors F2 and F3 are more complex than that of Fi 
because they cannot be determined separately. From Eq. (|32D , we have that 



and 



= I - (1 + 2r)F2 + 



p^ 



Ml -Ml 



:i + 2r) 



Fz]-{e^-q^] 
) r 



(4J 



(\/(g,e)|gza+%75Q|P(p + g)) 



[rup - ml,) 



1 + 2r / rMl 



Mv 2Mv Vl + r 



+ 



2Mv I 1 + r 






V 

M^- 



- Ml - 



p^ 



M, 



V 



Ml -Ml 



[I + 2r) 



i^3 



(49) 



for the transverse and longitudinal vector mesons polarizations of £^'(1) and £^(0), respec- 
tively, where 



q+ -(p2 + M^ - Ml,) + J(p2 + M^ - M|,)2 - VM 



^^ 



p-t 



2p2 



(50) 



Using Eqs. (H), (|3|) and (|0D, we get 



I - (1 + 2r)F2 



p^ 



Ml-M^ 



;i + 2r) 



F. - 



j dx'dPk^Nv(t)v{x', k±)Np(f)p{x. k^){Bi + B2) = Hp") 



(51) 



and 



{nip - my) 



1 + 2r / rMl 



Mv 2Mi 



V 



2Mv \l + r 



rMl . M^ 



1 +r 
1- 



-M^ 



M^' 



p^ 



Ml -Ml 



;i + 2r) 



where 
5i = 



dx'd^k±Nv(pv{x', k±)Np(f)p{x, ki_)C = gijT) 



2 f 

^ -{ (2x' - 2x'2 - X + xa;')(a;' + a; - 2a;x')fcl 

xx''^{\ — X )^(1 — x)"' L 

2xx'(l — x)(l — x')mQ^ + 2(1 — x')(x' — x)(x' + x — 2xx') 



(52) 



+2x'(l — x')(x — x')'^mQ 



rrir. 



kl- 



[{x'mQ^ + (1 - x')m5][2xx'(l -x)(l - x')mQ^ 
+ (1 — x)(l — x')(x + x' — 2xx')mq — x'(l — x)(x — x')mQ2] | > , 



So 



2(x - x')epk] 



l\l.2 



(2x'-l)(x' + x-2xx')fc 



X 



(1 - x')mQ, - x'(l - x)mQ^] 



nir. 



C 



XX'2(1-X')2(1-X)2 

2 r 

— — — x(l — x)(2x' — l)?TiQ^ + (x' — x)(x' + X — 2xx')m^ 
hV L 

+x'(l — x')(2x — l)mQ2 k\ + 

X [(2x' — l)mQ^ + x'tuq^ + (x + x' — 2xx'^ 

— (x + x' — 2xx')[x'mQ2 + (1 — x')m^[xmQ^ + (1 ^ x)mq] 

? r 

■^ 2 //I /\ 2 2/1 /\2 2 

— — — X X (1 — X )mqmij — X (1 — x ) mqmQ^ 

— x(l — x)(l — x'YniQ^m^q + xx'^(l — x)mQ-^m^Q^ 

+x'^(l — x)^mqmQ^ — x'(l — a;)^(l — x')mQ 

2 I 

x'(l - a;')Moy + k']_ + mQ,^mq 



2^1 



xx'2(l-x')2(l -x)2M, 



ov 



k'^\ ix' + X — 2xx') 



10 



+ 



x'{l - x')MoV + k']_ + mQ^m^ 



X [xtuq^ + (1 - x)mg){x'{l - x)mQ2 + x{l - a;')"^Qi) 



2iy, 



V 



fn^n^ + k'i m? + k'i 



'- ■ -^^ ^""^ (1-2x')M2 



1-x' 



oy 



x(xmQ, + (1 - x)m^[x' rriQ^ - (1 - a;')mg)(a;'(l - x)mQ^ +a;(l - a;')mQj 

X ( x(l — x)(2x' — l)mQ^ + (1 — x)(x' + X — 2xx')mq — x'{l — x)mQ^ \k\ 

[I - 2x')Mo^ 



2W, 



y 



m^^ + kl m? + /i;2_ 



1-x' 



^ov 



X ( x'(l — x'){2x — l)r7iQ2 + (^' — x){x' + X — 2xx')mg 
+x{l - x){2x' - l)mQ^kl\ . 
The physical kinematic range of p^ : — > (Mp — My)"^ corresponds to 



X 



: 1 



Mv 



X' Mp 

From Eqs. (|5T1) and (^), it is not difficuh to find F2 and F3 as follows: 



(53) 



(54) 



(Ml - M^ )F2 
M|,-M2j^ 



Ml 



V 



^(p' 



Mv 



^(P^ 



l + 2r 



1 +r 



-M^ 



1 + r 



M^ 



V ) 



Ml-M^ r 



Kp' 



+9{p' 



1 



l + 2r 



Ml -Ml 2 VI + r 



-M 



1 + r 



M 



y 



.(55) 



At the maximum recoil of p^ = 0, ^2(0) and -^3(0) are simply given by 

^2(0) = - I dxd^kxNv(t)*v{x, k^)Np(f)p{x, k±) 

4 ( k"^ 

x'^il-xY v'^^ ~ V^^^'^' " ^^"^^' + (1 ~ x)mq][xmQ^ + (1 - x)mq] 



dxd k±Nv4>v{x,k±)Np(j)p{x,k±) 
Mv 2 



Ml-M?,x^(l-x)'^M: 



'y 



oy 



x{l - x)Moy + kj_ + mQ^rriq 



X [{xniQ^ + (1 - x)mq){mQ^ + mgj + 2kl] 



mQ2 + ^Qi 
2Wv 



mL + k'^\ m? + k'^^ 



I — X 



^ ^^^ - (1 - 2x)M' 



oy 



X [(xniQ-^ + (1 ^ x)mg){xmQ^ ~ (1 ~ x)mg) + (2x — l)k']_] 
-{ruQ^ -mg)({2x- l)mQ^ +2(1 - x)mq - mQAk\\ + 



^2(0) 



(56) 



Thus, we have evaluated all the tensor form factors of Ft, -Fi, -F2 and F3 in the whole 
physical region of the momentum transfer with the light front quark model. 
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Table 1: Parameters ujm {M = vr, p, K, K*, B and B*). 



wave function 


mu,d 


^TT 


UJp 


rus 


^ft: 


LUk- 


mfe 


LOb 


Ub* 


Gaussian 


0.25 


0.33 


0.31 


0.40 


0.38 


0.31 


4.8 


0.55 


0.55 



3 Numerical Results 



We now calculate numerically the tensor form factors in the LFQM. The parameters 
in the light front wave functions are fixed by other hadronic properties. We use the decay 
constants in Eqs. (^Tj) and PB| ) to determine the parameter u. The measured decay 
constants of light pseudoscalar and vector mesons are 



/^=132MeV, /„=216MeV, /;^=160MeV, /k* =210MeV. 



(57) 



Since the decay constants of heavy mesons are unknown experimentally, we have to rely 
on various calculations in QCD-motivated models p^, El, E3]. We shall take 



fB = 185 MeV , /s. = 205 MeV . 



(5^ 



In Table 1, we list the parameters ujm {M = vr, p, K, K*, B and B*) fitted by the 
decay constants in Eqs. (59) and (60) with the Gaussian-type wave functions. Note that 
the quark masses given in Table 1 are chosen to the commonly used values in relativistic 
quark models. 

We now show the form factors F^, -Fi, -F2 and -F3 in the entire physical region < p^ < 
{Mi — MfY. The p^ dependences of Ft for B ^ K and B —>■ tt are shown in Figures 1 and 
2, respectively. From Figure 1, one can see that Fj- will decrease as p^ increases near the 
zero recoil point. This is reasonable because the matrix elements depend on the overlap 
integral of the initial and final meson wave functions. For the heavy to light transition, 
the internal momentum distribution of the heavy meson 0(x, k±) has a narrow peak near 
X = 0, whereas the peak of 0(x, k±) for the light meson has a larger width than that for 
the heavy one. Therefore, the maximum overlapping of these two wave functions occurs 
away from the zero recoil point. At the maximum recoil of p^ = 0, we have the values 



F^-(O) = 0.27 , Ff ^ (0) = 0.36 . 



(59) 



We note that he values in Eq. (61) are close to those in the light cone QCD sum rule 
models [^, ^, |2^ . 
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Table 2: The values of Ai and A2 for the corresponding -Fi(O) in B ^ M [M 

TT, K, p, K*). 



M 


TT 


K 


P 


K* 


F.ip') 


Ft 


Ft 


Fi 


F2 


F, 


Fi 


F2 


F, 


p2 = 


0.27 


0.36 


0.54 


0.27 


0.18 


0.63 


0.32 


0.21 


Ai(GeV) 


4.32 


4.36 


4.03 


6.04 


4.45 


3.96 


6.17 


4.78 


A2(GeV) 


5.38 


5.29 


5.43 


12.45 


5.84 


5.18 


11.02 


6.17 



The form factors -^1,2,3 as a function of p^ for B -^ K* and B 
depicted in Figures 3 and 4, respectively. At p^ = 0, we have 



p transitions are 



B 
B 



P- 



Ff ^ (0) = 0.63 , 



F^^' (0) = 0.32 , 



F3^^*(0)=0.21 



iBp/ 



iBp 



FfP{0) = 0.54 , F2''^(0) = 0.27 , Ff^{0) = 0.19 . 



Bp, 



(60) 



To compare our results with those in the literature, we may fit approximately the p'^ 
behaviors of the form factors in Figures 1-4 as pole-like forms: 

^.(0) 



F^ip' 



T, 1, 2, 3) 



(61) 



1 - pVAf + pVA| ' 

where the values of Ai and A2 are listed in the Table 2 with Ft for B ^ n, K and -^1,2,3 
for B ^ p, K*. 

As shown in Table 3, we see that our results of Fi{0) agree well with those in the 



literature p, 28, 2£]. We remark that the relations among the form factors for the P ^ V 



transition in Ref. ^^ can be tested in our calculations. We find that the relation of 
Eqs. (5)-(7) in Ref. ||3^ are well satisfied at p^ — *> and hold with 20% accuracy at 
p"^ < 10 GeV^. However, they are violated for p"^ larger than 10 GeV^. Finally, we note 
that the relation -Fi(O) = 2 -F2(0) |2^ is satisfied and -Fi(p^) increases as p^ faster than 
2 F^ip'). 



4 Conclusions 



The tensor form factors of Ft and -^1,2,3 for P —^ P and P ^ V transitions have been 
studied in the LFQM. These form factors are evaluated in the entire physical momentum 
transfer region of < p^ < (Mj — Mj)^. We have used the values of the decay constants 
and the constitute quark masses to fix the parameters Um appearing in the wave func- 
tions. Thus, there are no more degree of freedom to adjust the light front wave functions. 
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Table 3: Comparison of different works for the tensor form factors at p^ = 



B ^ 7r(p) 


This work 


i 


m 


m 


Ft(0) 


0.27 


- 


- 


- 


Fi(0) 


0.54 


0.56 


0.58 ±0.08 


- 


^2(0) 


0.27 


- 


0.29 ±0.04 


- 


^3(0) 


0.19 


- 


0.20 ±0.03 


- 


B -^ K{K*) 


This work 


i 


m 


m 


Ft{0) 


0.36 


- 


- 


- 


Fm 


0.63 


0.74 


0.76 ±0.12 


omToI 


^2(0) 


0.32 


- 


0.38 ±0.06 


0.32lH^ 


FsiO) 


0.21 


- 


0.26 ±0.04 


- 



We have fitted our numerical results of the form factors in B ^ ir, K, p, K* into dipole 
forms and we have shown that our results agree well with those in the literature. 
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Figure Captions 

Figure 1: The values of Ft as a function of the momentum transfer p^ for B ^ K. 

Figure 2: Same as Figure 1 but for B ^ n. 

Figure 3: The values of -Fi,2,3 as a function of the momentum transfer p^ for B — > K*. 

Figure 4: Same as Figure 3 but for B ^> p. 



17 



B^K 



0.80 



0.60 



0.40 



0.20 



0.00 




0.0 5.0 10.0 15.0 20.0 25.0 

p' (GeV') 



Figure 1: The values of the form factors Ft as functions of the momentum transfer p^ 
for B ^K. 
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Figure 2: The values of the form factors Ft as functions of the momentum transfer p^ 
for B ^> Ti. 
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Figure 3: The values of the form factors -Fi,2,3 as functions of the momentum transfer y^ 
for B ^ K*. 
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Figure 4: The values of the form factors -Fi,2,3 as functions of the momentum transfer p^ 
for B ^ p. 
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